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MATERIALS AND METHODS FOR THE PRODUCTION AND PURIFICATION" 

OF 

CHLOROPLUOROCARBONS AND HYDROFLUOROCARBONS 

5 

FIELD OF INVENTION 
The present invention is directed to production methods, as well as, synthetic and 
separation methods. More particularly, the present invention is directed to method* for 
manufacturing selective isomers of chlorofluorocarbons and hydrofluorocarbons from ■ 
10 aliphatic, olefinic or partially halogenared hydrocarbons. 

BACKGROUND OF THE INVENTION 
Since the beginning of global warming concerns, chlorofluorocarbon 
manufacturers have had to produce compounds that perform substantially the same as fully 
halogenated chlorofluorocarbons without the adverse environmental impact. Only through 
1 5 the introduction of these new compounds havfe their environmental impact been 

completely understood. In certain instances, some of these new compounds have been 
« removed from the marketplace. These types of issues make the flooding agent, 

extinguishant, propeUant and refrigerant production industry a dynamic and ever-changing 
marketplace where processes for the production of chlorofluorocarbons and fluorocarbbns 
20 are advancing quickly to accommodate both environmental as well as economical 
requirements* 

Some useful compounds in this area include both saturated and unsaturated 
fluorocarbons, such as U,L2,3 f 3,3-heptafluoropropane (CF 3 -CFH-CF 3 , HFC-227ea), 
1,1,1.2^2/3,3-heptafluoropropane (CF 3 -CF r CHF 2 , HFC-227ca) and hexafluoropropane . 

25 (hexafluoropropylene, HFP, CF 3 -CF=CF 1 , FC-1216). One well known method of 

synthesizing these compounds begins with the chlorofluorinacion of propane, propylene or 
partially .halogenared C-3 hydrocarbons with hydrogen fluoride (HF) and chlorine (CU) in ' 
the presence of a meral-containing solid catalyse. Examples of this chlorofluorinatlon step 
can be found in U.S. Patents 5,057,634 and5,(H3,49l to Webster. As taught by Webster, 

30 the chlorofluorination step produces a number of saturated perhalogenated 

chlorofluorocarbons, including: (A) QiCfcFa; (B) C 3 CUF 4 ; (C) C d C\jF 5 ; (D) • 
1,2-dichIorohexafIuoropropane (CFs-CClF-CClF^ CFC-216ba); (E) 2>2- 
dichlorohexafluoropropane (CF 3 -CCIr-CF3, CFC-2l6aa); (F) 1- 

r m 
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Still another process for separating halogenation reaction products is provided 
wherein the reaction products are combined with water and cooted to a sufficient * - 
temperature to form a gas phase and top and bottom Jiquid phases. According to one 
embodiment, the gas phase contains primarily C-3 chlorofluorinated compounds having at 
5 least six fluorine atoms, the top liquid phase is primarily an aqueous liquid phase and the 
bottom liquid phase contains C-3 chlorofluorinated compounds having less than six 
fluorine atoms. 

An additional process according to this invention provides for separating C-3 
chlorofluorinated compounds from a halogenation reaction product. One embodiment of 

1 0 this invention includes the adjustment of a halogenation reaction product to a sufficient 
temperature to separate the reaction product into three phases: an upper gas phase and top 
and bottom liquid phases, wherein ihe upper gas phase contains primarily HC1, the top 
liquid phase contains HF and the bottom liquid phase contains essentially add-free C-3 
chlorofluorinated compounds. 

15 In still another process of the present invention methods are provided for 

synthetically increasing the isomeric purity of a mixture. According to one embodiment, 
an isomeric mixture of C-3 chlorofluorinated compound isomers is heated in the presence 
of a catalyst to a sufficient temperature to increase the isomeric purity. "In a more specific 
embodiment, the C-3 chlorofluorinated compound isomers are CFC-2I7b'a and CFC- 

20 217ca. 

In still another embodiment of the present invention a process is provided for 
selectively halogenating isomers within an isomeric mixture. In a particular embodiment, 
the isomeric mixture is exposed to CI2 in the presence of a catalyst at a sufficient 
temperature to halogenate at least one isomer. Preferably the isomeric mixture includes 
25 the isomers HFC-227ea and HFC-227cau 

The above and other embodiments, aspects, alternatives and advantages of the 
present invention will become more apparent from the following detailed description of the 
present invention taken in conjunction with the drawings. 
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DESCRIPTION OF THE FIGURES 
Figure 1 is a schematic representation of one embodiment of the present invention. 
Figure 2 is a graphical representation of the isotherms observed during the 
* processes of the present in vendor 
5 Figure 3 is a block diagram of an embodiment of the present invention- 

Figure 4 is a block diagram of an embodiment of the present invention. 
Figure 5 is a block diagram of an embodiment of the present invention. 
Figure 6 is a block diagram of an embodiment of the present invention. 
Figure 7 is a graphical representation of catalyst life observed according to an 
10 embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS , 
Referring now to Fig. 1» in one embodiment this invention provides processes for 
the production of chlorofluoropropanes and fluoropropanes from aliphatic, olefmic, or 
partially halogenated hydrocarbons having at least three carbon atoms. Other 
5 embodiments of this invention provide specific processes for hydrodehalogenation, as well 
as, isomer and reaction product purification. Selected embodiments of this invention will 
be described in turn beginning with the broad chemical process steps used to produce 
'selected chlorofluorocarbons and fluorocarbons. 

In part, this invention stems from the discovery that the majority of the isomer in 
10 the final chlorofluorocarbon or b y drofluoroc ar b on product originates as an undesired 

isomer which forms in the initial reactions. This isomer and its downstream counterparts 
are passed to subsequent reactions undergoing the same chemical transformation as the 
desired isomeric material. Fortunately, CFC-216ba and its downstream. counterparts, have 
different reaction profiles allowing for their reduction with each subsequent step. Unlike 
1 5 CFC-2 17ca and HFC-227ca t CFC-21 6ba is not a "dead end" isomer, A majority of this 
material is directly converted to the desired isomer CFC-217ba in subsequent steps 
performed in accordance with the present invention. 

Without being confined to any theory, the formation of the undesired isomer takes 
place in these early reactions by the premature fluorination of the gerninal C-2" carbon of 
20 aliphatic, olefinic, or partially halogenated hydrocarbons having at least three carbon 

atoms. The production of CFC-21 6ba is but just one example of this type of chemistry. 

Referring now to Fig, 2, formation of excess amounts of CFC-216ba during 
.halogenation has been observed when the reaction is allowed to exotherro excessively. 
The large amounts of energy released during this exotherm are probably the ultimate 
25 reason for 
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excess CFC-216ba isomer formation. When these types of conditions, are allowed to 
prevail, ratios as low as 2:1 CFC-2l6aa:CFC-216oa can be observed in these early reaction 
streams. 

One way to control ibis phenomenon can be to carefully operate the initial 
S halogen ations so as to avoid uncontrolled exotherrns. The reactor used according to the 
present invention has the ability to use cool heat transfer oil and includes conventional 
chemical and engineering controls to insure suppression of exothenns. In another aspect 
of che present invention, HF can be replaced as the main diluent for the reaction. Figs. 3-4 
show a schematic flow diagram for a process according to the present invention that 
1 0 . includes a two temperature zone chlorofluorination of a C-3 reactant selected from 

propane, propylene, partially halogenated C-3 acyclic hydrocarbons, and mixtures thereof, 
with hydrogen fluoride and chlorine in the presence of a chlorofluorination catalyst. The 
process is highly selective in the production of CFC-2l6aa, without the formation of any 
significant amount of FC-21 8 (0 to less than 0.5 percent by weight). The hi gh yield and 
1 5 selectivity of the process of the present invention in the synthesis of CFC-216aa is very 
advantageous for the subsequent production of HFC-227ea as discussed below. * 
The present invention provfdes, in one aspect, two step processes for efficiently 
producing CFC-2l6aa. The chemical steps can include the sequential replacement of 
hydrogen with chlorine and the subsequent partial replacement of chlorine with fluorine 
20 atoms. Multiple products may be formed with intermediate fluorinated materials being the 
majority. Careful temperature control may minimize by-prodoct formation. Typical 
reaction products may include C-3 molecules with 2 to 7 fluorine atoms, the rest being 
chlorine. The cracking, of the C-3 backbone to form C-l and C-2 materials as undesired 
impurities has also been observed. According to one embodiment, the output of this 
25 reactor can be fed directly into a subsequent reactor as shown in Fig. 4, which is run at a 
higher temperature. Individual reactants may be fed under flow control to vaporizers) 
14, as shown in Fig. 3. The vaporized chlorine and HF are mixed and fed into a 
superheater. It has been determined that careful mixing of the reactants and temperature 
regulation may help to control reaction exothsrms and lack of control may lead to the 
30 formation of undesired by-products arising from cracking the C-3 backbone. 
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The predominant reaction occurring in exemplary chlorofluorination Steps I and It 
may be summarized, as follows, with high selectivity in the production of CFG-2l6aa; 
CH 3 CH 2 CH 3 , CttjCIfeCffc and/or C 3 H y X 1 +HF-fCU-^CFC-216aa+Ha 
(X=3halogen; y=0-8, 2^8-y; or y=0-6, z=6-y) 
5 . According to one aspect, the process includes a first step, wherein C-3 reactams 

selected from the group consisting of aliphatic, olefinic or partially halogenated 
hydrocarbons having ai least three carbon atoms are contacted with Ch and HF in the 
presence of a metal containing catalyst. A* illustrated in Rg.. 3, this reaction is preferably 
performed in the gas phase by the careful mixing of C-3 reactants with a mixture of 
1 0 hydrogen fluoride (HF) and chlorine (CW in the presence of a metal containing catalyst at 
a sufficient temperature to form perhalogenated compounds. 

In one embodiment of the present invention, the C-3 reactant is selected from the 
group consisting of aliphatic, olefinic and/or partially halogenated hydrocarbons. The C-3 
rcactant may be prsmixed with hydrogen fluoride, and then mixed with chlorine before 
1 5 entering chlorofluorination reactor 16 containing a fixed bed of metal containing catalyst 
Aliphatic hydrocarbons having at least three carbon atoms am known to those 
skilled in the art to be aJJcanes, hydrocarbons characterized by a straight or branched 
carbon chain. These types of compounds include propane, Olefinic hydrocarbons having 
at least three carbon atoms arc known to those having ordinary skill in the art to be 
20 unsaturated aliphatic hydrocarbons having at least one double bond These types of 
compounds include propene. Partially halogenated hydrocarbons having at least three 
carbon atoms are known to those having ordinary skill in the an as aliphatic or olefinic 
hydrocarbons wherein one or more hydrogens have been replaced by halogens. 

According to one embodiment of the present invention, the HF and C-3 reactams 
25 are premised before being combined with the chlorine gas and conveyed into a 

chlorofluorination reactor, h is preferred to premix (dilute) the C-3 rcactant with the 
hydrogen fluoride reactant prior to combining the HF/C^3 gas xeactants with the chlorine 
gas reactant in order to minimize the potential reaction of the C-3 reactant, e.g., propane 
and/or propylene with concentrated chlorine gas. Accordingly, at least one of the C-3 
30 reactant or the chlorine, preferably both the C-3 reactant and chlorine, may be diluted with 
hydrogen fluoride prior to combining the C-3 reactant with the chlorine gas. 
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In one embodiment of -the present invention the HF is anhydrous- It has been 
determined that recycled or recent grade HF may used, The type of HF used to perform 
this aspect of the invention is noc critical and specific types and qualities will be 
recognized by those skilled in the art. The CI2 likewise is a matter of choice to those 
5 having skill in the art. In one embodiment, technical or pure-grade anhydrous CI2 is 
utilized. 

The halogenation of aliphatic, olefinic, or partially halogenated hydrocarbons 
having at least three carbon atoms is a highly exothermic reaction which may be controlled 
through the use of excess quantities of hydrogen fluoride, a diluent, or an externa] heat 
1 0 transfer medium together or in combination, to absorb the heat evolved and to maintain 
temperature control of the mixture. 

To reduce the impact of exotherms, preferably, a stoichiometric excess of hydrogen 
fluoride may be maintained in order to minimize decomposition of the C-3 reactant to CM 
and C-2 by-products, and the formation of the less desired CFC-2I6ba. Preferably, about 
15 6 to about 64 moles of HF per mole of C-3 reactant may be utilized It is preferred to 

provide an excess of chlorine gas as well, preferably about 8 to about 10 moles of Ch per 
mole of C-3 reactant. However, an excess of CI2 is not required. In a preferred 
embodiment, the ratio of Cla to C-3 reactants can be about 8.2:1. The molar ratio of HF to 
Cl 2 may be from about 0,75: 1 to about 8:1. Preferably, the molar ratio of HF to Cl 2 may be 
20 about 4: 1. Moreover, in another embodiment, a diluent may be added to the reaction to 
decrease undesired isomer and formation of cracking materials. 

Preferably* the chlorofluorination reactor 1 6 used to perform this invention may be 
maintained at a reaction pressure of about 0 psig to about 750 psig, preferably about 0 
psig to about 750 psig and at a temperature in the range of about 150*C to about 450°C, 
25 and preferably about 220°C. Residence time in chlorofluorination reactor 16 may be in the 
range of about 0.5 seconds to about 30 seconds and preferably about 5 to abour 10 seconds. 
An exemplary reaction mixture exiting Step I shown in Fig. 3 is rich in C3CI4F4 and 
C3CI3FJ, but may also contain CFC-216aa and many other under fluorinaied compounds. 
In an exemplary aspect, reaction products of this first step are conveyed directly to Step II, 
30 as shown in Fig. 4. However, it is recognized that the reaction products of Step I, as 

shown in Fig. 3, may be further purified or supplemented prior to continuing on to Step n. 
. A main goal in Step n can be the selective fluorinacion of under-fluorinated compounds to 
. the desired isomer CFC-216aa. 
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In the illustrated embodiment, the second step in this process may replace all 0 f the 
terminal chlorine substiruents with fluorine to produce CFC-216aa. According to one 
aspect of the present invention, this is accomplished through the use of one or more of high 
temperature reaction conditions, excess HE\ and a metal containing catalyst, 
5 As shown in Hg. 4, the Step I reaction stream is directly fed into a superheater 24. 

Optimally, this stream is then fed to Step II reactor 26. Again, as before in Step I, careful 
temperature regulation can be used to control the reaction. 

The second reaction can take place either in the same reactor as exemplary Step I 
or, preferably, in a second reactor. The second reaction can be carried out at a higher 
1 0 temperature than the first reaction with a stoicMomeulc excess of hydrogen fluoride. 

According to one embodiment, a stoichiometric excess of chlorine can be used io ensure 
chlorofluorinadon of the first reaction products. 

Reactor 26 can be a fixed-bed reactor having a metal containing catalyst, 
maintained at a reaction pressure of about 0 psig to about 750 psig and preferably about 
1 5 100 psig, and at a temperature higher than the temperature required in exemplary Step L 
Step H may occur at a temperature ranging from about 300°C to about 550°C > and 
preferably at about 470°C. It is preferred that the molar ratio of reactants in Step II, should 
be maintained at about 6 to about 64 moles of hydrogen fluoride per mole of 
perhalogenated compounds. As in Step I, the source and quality of anhydrous HF used in • 
20 Step II is not critical. It is to be understood by those skilled in the art that anhydrous, 

recycled, and/or differing grades of HF can be used in Step II. As in Step I, a diluent may 
be adiled to control exotherms and increase isomeric yield. 

, The metal containing catalyst used in Step I or Step II can be any known catalyst 
useful for reacting C-3 reactants or perhalogenated compounds with HF and/or CI* 
25 including those described in U.S. Patent Nos. 5,177,273 and 5,057,634 to Webster, hereby 
incorporated by reference. These catalysts include catalysts consisting essentially of 
chromium; catalysts consisting essentially of chromium oxide in combination with a 
support (e*g. refractory oxide); catalysts consisting essentially of chromium oxide modified 
with up io about 10 percent by weight based upon ihe weight of chromium in the catalyst 
30 of metal selected from the group consisting of manganese, iron, cobalt, nickel, copper, 
■ zinc, other metals and mixtures thereof; and catalysts consisting essentially of chromium 
oxide in combination with the refractory oxide and modified with up to about 10 percent 
by weight based upon the 
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•under reaction conditions is considered an equivalent procedure within the scope of this 
invention. 

In this and the other reaction sequences, reaction with HF includes either high 
temperature vapor phase reaction or lower temperature reaction in the presence of a liquid 
5 phase catalyst such as SbCI 5 /HF or SbF$ ; the vapor phase process is preferred. . 

Two metal containing catalysts that have been found to be particularly useful for. 
the chlorofluorinarion reactions include: 

(1) FeCl 3 on a support, particularly active carbon* that is dried and then fluorinated,' 
e.g., with HE\ preferably an HF/Nj mixture, with or without at about 200 B C to about 

10. 270°C and then treated with HF T with or without O2 or Ciz activation, within the range of 
about 270°C to about 320°C. It is preferred that the percent by weight of FeCl 3 in the 
metal containing catalyst be in the range of about 2% to about 36% by weight on a catalyst 
support, which is preferably activated carbon, preferably at about 5% to about 10% by 
weight FeClj. It is useful to fluorinate the metal containing catalyst for a period of at least 

1 5 about 2 hours, preferably about 2 to about 16 hours, more preferably about 8 hours, 

gradually increasing the temperature within the rage of from about 200°C to at least the 
chlorofluorination reaction temperature, e.g., up to about 32Q*C; and 

(2) CrCU, particularly chromium chloride hexahydrate (CrCU • 6H z O) on a 
"support, particularly active carbon, that is dried and then fluorinated, e.g, p with hydrogen 

20 fluoride gas (HF). in the same manner as fluorination of the FeCl 3 catalyst with or without 

O2 or Cl 2 activation. 

Non-limiting examples 1> 2 and 3 demonstrate the preparation of catalysts suited 

for the present invention and non-limiting example 4 demonstrates the activation of 

catalyst suited for this invention. 
25 Generally, all fiuorination catalyst can be prepared by mixipg appropriate amounts 

of the selected metal salt and support (if necessary) in 151 Water. This mixture may be 

allowed to stand for approximately 0.5 hour and the excess water can be filtered off by 
- vacuum filtration. The resulting solid may then be dried overnight in a gravity oven at 

115 D C and then charged to the reaction tubes where it can be further dried at 15CPC with a 
30 inert gas purge and then activated with HF before the reaction feeds are started. 
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Table 6. Chlorofluorination Organic Phase Removed from HF According tq j 



Process of the Preserfr invention 





Area % Cl 2 


Area%HF 


Area % HC1 


Area % Organic 


Separated 

Organic 

Phase 


1.21 


0.3872 


0.6097 


97.79 • — 



Table 7. Halosenated Organies Separated from HF According ro the Present 



Invsnj 


tion 


HaioRenatcd Organies 


Percentage of Total Organies 


CC1,F-CC1F 3 


not detected ' 


Lights 


0.05 




64.59 




11.82 




5.75 


Heavies 


3,65 



As this example demonstrates the organic phase, once separated according to an 
embodiment of the present invention, is essentially acid-free. This allows for the 
immediate isolation of specific chlorofluorination reaction products without the Tieed for 

1 0 costly and inefficient distillation. Moreover, Table 7 demonstrates that other halogenated 
organies can be separaied from HF t according to the present invention. These 
chlorofluorination reaction products can be isolated according to another process of the 
present invention as herein described next . 

Another process according to the present invention is the separation of the C-3 

1 5 chlorofluorinated compounds having at least six fluorine atoms from C-3 chlorofluorinated 
compounds having less than six fluorine atoms. This separation process is extremely 
useful in order to maintain the compound purity of chlorofluorinated compounds sought to 
be produced. 

According to one embodiment of the present process, a solution comprising C-3 
20 chlorofluorinated compounds having at least six fluorine atoms and C-3 chlorofluorinaied 
compounds having less than six fluorine atoms is provided This solution is derived from a 
reaction produce or a refined reaction product of a chlorofluorination reaction or the phase 
• separation or distillation product after a chlorofluorinated reaction. In one embodiment of 
the present invention the C-3 chlorofluorinated compounds having at least six fluorine 
25 ■ atoms' comprises CFC-216aa, However, this invention is not limited to the source of this 
mixture. 
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chlorofluorinated compounds having at least six fluorine atoms are conveyed to an 
add: cional reaction step to increase the number of fluorine atoVns present. 
Example 10: 5eparfltion r o_f Fluorinated Compounds: 

The containers of crude C^Cl^ from various production runs of Steps I and It 
5 contained CjCkF* and numerous other unidentified underfluorinated compounds, and 
possible small amounts of H2O, HF, O2, and HQ. 

Approximately 73 kg of crude C 3 CI 2 F* were fed from a heated cylinder to a 57 liter 
Halar* lined scrubber tank. The scrubber tank contained a level gauge and an external heat 
tracing with a skin temperature thermocouple. The feed line into the tank was through a 
10 dip tube. 

The tank was initially filled with a 5% KOfl/water solution and the temperature of 
the tank was heated to 50°C. The mixture separated into three phases: an upper, primarily 
gaseous phase; a top liquid, primarily aqueous phase; and a bottom primarily organic 
phase. The top gas phase was removed as a vapor stream .and fed to a Halar® lined 
1 5 scrubber. The vent gas was open to a molecular sieve dryer bed which fed into a chilled 
collection cylinder on a scale. Upon completion of the scrubbing of the C3CI2F6, the 
underfluorinated organics collected from the bottom phase was approximately 9.1 kg of 
material. The primary components of this organic liquid were CaCUE*, and C3CI3F3 and 
C 3 C1 2 F 6 . 

20 Table 8.Resiilts of Separation of Unde rfluorinated Separation According to the 



Separated Phase 


Constitutents 


Vapor 


Essentially pure C 3 Cl 2 F6 


Bottom 


-6% C3CliF<s and 
-94% undsrfluorinated compounds 



As table 8 demonstrates, underfluorinated compounds can be efficiently separated 
from CsC] 2 Ft according to the present invention. 
25 As shown in Fig. 5, the present invention provides a third reaction step (Step HI) 

for the selective fluorination of CjGljFd to CFC-217ba. The predominant reaction 
occurring in this step is as followsrCsChFe + HF — * CF 3 -CFC1-CF3 + HC1 

Preferably. Step in proceeds in the gas phase with excess anhydrous HF over a 
metal containing catalyst. According to one embodiment of the present invention, 
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hydrodehalogenation reaction products include HFC-227ea* A reaction of this 
embodiment is shown below: 

C3CIF7 + Hi -* HFC-227ca + HC1 
A slight molar excess of H2 can be used if desirable but is not necessary. The 
5 HjrhaJogenaied organic compound molar ratio is in the range of about 0-2:1 to about- 10:1, 
optimally about 1.2:1. 

Referring now to Fig, 6, the hydrodehaJogenarion is performed In fixed bed Te actor 
42 containing a suitable catalyst, such as palladium on a refractory oxide support, such as 
alumina or other suitable supports, in which case the reactor is operated at a temperature of 
1 0 about 30°C to about 275°C, and preferably at about 1B5 Q C. Alternatively, a ferric chloride 
(FeCls) catalyst on a solid support, such as active carbon can be used in which case the 
reactor is operated at a temperature of about 200°C to about 600°C, and preferably at about 
450°C to about 500°C. 

The pressure in reactor 42 should be in the range of about 12 Pa to about 15 Pa, 
1 5 and preferably about 7.9 Pa. The reaction is largely insensitive to pressure in the range of 
0.9 — 7.9 Pa, however, reaction selectivity is slighdy favored by lower pressures. 
Residence time in reactor 42 should be in the range of about 10 seconds to about 90 
seconds, and preferably about 15 to about 60 seconds. 

While any hydrodebalogenation catalyst could be used, the most active catalysts, 
20 such as Pt and Pd, are good selections because, in addition to the desired products, they 
lead to the addition of hydrogen across any double bond present or to the substitution of 
hydrogen for chlorine. Catalysts which may be utilized include, as charged to the reactor, 
common hydrogenation catalysts such as Cu, Ni, Cr, Ru, Rh or combinations thereof, It is 
not critical whether the catalysts arc supported or noL However, supports which are 
. 25 unreactive to halocarbons, HF. and oxygen at hydrogenation temperatures up to !00°C 
higher such as metal fluorides, carbon, and titanium, may be used. 

Referring now to Hg. 1\ the high cost of noble metals led to concerns regarding 
catalyst lifetime. Initial testing demonstrated that the catalyst is somewhat fragile with 
activity dropping off within 5 days. Fortunately, it has been discovered that the addition of 
30 a small amount of water to the reaction stream extended catalyst lifetime. The addition of 
water allows the catalyst to perform in excess of 15 days. 
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As Table 21 demonstrates, ihe present invention can be used to even further reduce the 
content of the undesixed isomer. It is contemplated that once reduced the more 
isometically pure reaction product can be recycled or farther refined. 
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What is claimed is: 

1 . A process for producing CF3CCI2CF3 comprising: 

contacting a CO reactant comprising one or more of perhydrogenated or 
partially halogenated C-3 hydrocarbons with Cb and HF in the presence of a first catalyst 
5 at a first temperature to form a C-3 product comprising a C-3 perhalogenatsd compound, 
wherein the first catalyst comprises chromium and the first temperature is less than 450°C; 
and 

contacting the C-3 product with HF in the presence of a second catalyst at a 
second temperature different from the Ant temperature to form CF 3 CCl 2 CFs, wherein the 
1 0 second temperature is greater than 300°C- 

2. The process of claim 1 further comprising contacting the CFsCChCFjWith 
HF in the presence of a third catalyst to form CF 3 CC1FCF 3 . 

3. The process of claim 2 further comprising contacting the CFjCClFCFs with 
H2 in the presence of a fourth catalyst to produce CF3CFHCF3. 

15 4. The process of claim 3 further comprising, during the contacting of the 

CF3CCIFCF3 with Hi, contacting the fourth catalyst with water. 

5. The process of claims 1, 2, 3, or 4 wherein the first temperature is from 
150°C to less than.450°C and the second temperature is less than 550°C 

6. The process of claims 1, 2, 3, or 4 wherein the first temperature is at least 
20 220°C and the second temperature is at least 470°C- 

7. The process of claims 1, 2. 3, or 4 wherein, during the contacting of the C-3 
reactant with the HF and the CI*, a molar ratio of the HF to the Cl 2 is from 0.75:1 to 8:1. 

8. The process of claims 1, 2, 3, or 4 wherein, during the contacting of the C-3 
reactant with the HF and the Ch, a molar ratio of the HP to the CI2 is at least 4: 1. 

25 9. The process of claims 1, 2, 3, or 4 wherein, during the contacting of the C-3 

reactant with the HF and the Cl 2 , a molar ratio of the Cl 2 to the C-3 reactant is from 8:1 to 
10:1, 

10. The process of claims 1, 2, 3, or 4 wherein the second catalyst comprises 
chromium and a catalyst support. 
30 11. The process of claim 2, 3, or 4 wherein the contacting the CF 3 CCl 2 CF 5 with 

HF in the presence of a third catalyst occurs at a temperature of at least 200°C. 
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12, The process of claims 2, 3 or 4 wherfcin, during the contacting of the C-3 
product with the HF, a molar ratio of the HF ro the C-3 product is at least 30:1. 

13* The process of claims- 2, 3, or 4 where during the contacting of the 
CF 3 CChCF 3 with the HF, a molar ratio of the HF to the CF3CCI2CF3 is at least 10:1, 
5 14. The process of claims 2, 3, or 4 wherein the third catalyst comprises 

chromium and a catalyst support. 

15. The process of claim 3 or 4 wherein the contacdng the CFaCClFCF3 with Hz 
in the presence of a fourth catalyst occurs at a temperature of at least 30°C. 

16. The propess of claims 3 or 4 wherein, during the contacting of the 
1 0 CFijCCIFCFs with the H 2 , a molar ratio of the to the CF3CCIFCF3 is at least 1.2:1. 

1 7. The process of claim 3 or 4 wherein the fourth catalyst comprises palladium 
and a catalyst support 

1 8. The process of claim 4 wherein the water is present in an amount from 0.04 
to 12 percent by weight of the CFjCCIFO^. 

1 5 19. The process of claim 20 wherein the amount is 0.8 percent by weight of the 

CF3CCIFCF3. 

20. A hydrogenation process comprising contacting a compound with a catalyst 
in the presence of water to form a hydrogenated compound. 

2L The process of claim 22 wherein the contacting further comprises 
20 contacting the compound with Hj. 

22. The process of claim 20 wherein a ratio of the Ha to the compound is from 
0,2:1 to 10:1. 

23. The process of claims 22 or 23 wherein a ratio of the H* to the compound is 
ac least about 1.2:1. 

25 24. The process of claims 22 or 23 wherein the water is from about 0.04 to 

about 12 percent by weight of the compound. 

25. The process of claims 22 or 23 wherein the water is at least about 0.8 
percent by weight of the compound. 

26. The process of claims 22 or 23 wherein the catalyst contains a metal. 

30 27. The process of claims 22 or 23 wherein the catalyst comprises palladium 

and. a catalyst support. 

28. The process of claims 22 or 23 wherein the compound comprises C5F7CI 
arid the hydrogenated compound comprises C3F7H. 
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• 29. A process for purifying CF3CFHCF3 comprising distilling a mixture 
comprising CF 3 CFHCFj r CFjCFjCFjH, and at least one chlorofluorocarbon to form a 
solution comprising CF 3 CFHCF 3 . 

30. The process of claim 31 wherein the at least one chlorofluorocarbon 
S comprises C3CIF7. 

f 

31. The process of claim 32 wherein the mixture comprises a mole ratio of the 
chlorofluorocarbon to the CFsCFHCFj of from about 0.1 to about 10. 

32. The process of claim 33 wherein the mixture comprises a mole ratio of the 
chlorofluorocarbon to the CFjCFHCF a of at least about 1:2. 

10 33. A process for purifying chlorofluorinated compounds comprising: 

providing a reaction product comprising HCl, HF, and a C-3 chlorofluoTinaied 
compound; 

phase separating the reaction product into a gas phase comprising the HCl, a top 
liquid phase comprising the HF, and a bociom liquid phase comprising the C-3 
15 chlorofluorinated compound; and 

removing the bottom liquid phase to foim a solution comprising the C-3 
chlorofluorinated compound. 

34. The process of claim 35 wherein the C-3 chlorofluorinated compound 
comprises C3F7CI- 

20 35. The process of claim 36 wherein the phase separating comprises altering the 

reaction product temperature to a temperature of from about 20 9 C to about 75*C. 

36. The process of claim 37 wherein the temperature is about 25°C. 

37. A process for purifying reaction products comprising: 

providing a reaction product comprising HF and at least one C-3 
25 chlorofluorinated compound; 

phase separating the reaction product into a top liquid phase comprising HF 
and a bottom liquid phase comprising the at least one C-3 chlorofluorinated compound; 
and 

physically separating the top and bottom phases to form a solution 
30 comprising the at least one C-3 chlorofluorinated compound. 

38. The process of claim 39 wherein the C-3 chlorofluorinated compound 
comprises a C-3 chlorofluorinated compound having at least six fluorine atoms. 
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39. The process of claim 40 wherein the phase separating comprises altering the 
reaction product temperature to a temperature of from about -30 d C to about *10°C. 

40. The process of claim 41 wherein the temperature is about -20°C. 

41. A process for separating chlorofluorinated compounds comprising: 
5 providing a first solution comprising both first and second C-3 

chlorofluorinated compounds, the first compound having at least six fluorine atoms and the 

second compound having less than six fluorine atoms; 

preparin g a mixture comprising the first solution and water, 
phase separating the mixture into at least three phases; a gas phase 
10 comprising the first compound, an upper liquid phase comprising the water, and a lower 

liquid phase comprising the second compound; and 

removing the gas phase from the upper and lower liquid phases to form a 

second solution comprising the first compound. 

42. The process of claim 43 wherein the mixture further comprises a basic 
15 compound. 

43. . The process of claims 43 or 44 wherein the basic compound comprises 

KOH. 

44. The process of claims 43 or 44 wherein the first compound comprises 
CiF^Ck and the second compound comprises CjF$C\y 

20 45. The process of claims 43 or 44 wherein the fim compound comprises 

CjFtClit and the second compound comprises CaPsCls the phase separating cornprises 
altering the first solution reaction temperature to a temperature of from about 25°C to 
about 7S Q C, 

46. The process of claims 43 or 44 wherein the first compound comprises 
25 C3F6CI2 and the second compound comprises C3F5CI3 the phase separating comprises 

altering the first solution reaction temperature to a temperature of about S0*C. 

47. A process for purifying chlorofluorinated compounds comprising: 
providing a first mixture comprising both first and second isomers of a C-3 . 

chlorofluorinated compound, the first mixture having a first ratio of the first isomer to the 
30 second isomer, and 

contacting the mixture with a catalyst to form a second mixture comprising a 
second ratio of the first isomer to the second isomer, wherein the first ratio is less than the 
second ratio. 

Replacement sheet 56, Under Article 34 

EflPfansszai't 6. Feb. 0:04 

AMENDED SiHEET 

PAGE 30/32 * RCVD AT 1012112004 5:41 :33 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/1 1 DNIS:8729306 * CSID:50983S3424 ' DURATION (mm-ss):0842 



□CT-21-2004 15:07 UELLS ST JOHN PS 5098383424 P. 31 

WO 03/029173 p CT/US0a/30729 

48. The process of claim 49 wherein the contacting further comprises heating 
the mixture to a temperature of from about 250*C to about 350°C. 

49. The process of claim 49 wherein wherein rhe contacting further comprises 
heating the mixture to a temperature of about 280°C 

5 50. The process of claim 49 further comprising separating at least a portion of 

the first isomer from the second mixture wherein the separating comprises distilling ihe 
second mixture to form a solution comprising the portion of the first isomer, 

5 1. The process of claims 49, 50, 51 or 52 wherein the C-3 chlorofluorinated 
compound comprises C^Ch, the first isomer comprises CF3CCI2CFJ. and the second 

1 0 isomer comprises CF5CCIFCF2CI. 

52. The process of claims 49, 50, 51 or 52 wherein the C-3 chlorofluorinated 
compound-comprises C3F7CI, the first isomer comprises CF3CCIFCF3, and the second 
isomer comprises CFjCF 2 CFzCK 

53. The process of claims 49, 50, 5 1 or 52 wherein the catalyst comprises 
15 chromium. 

54. A process for halogenating compounds comprising: 
providing a first mixture comprising both first and second isomers of a 

hydrofluorinated compound, the first mixture having a first rado of the first isomer to the 
second isomer; and 

20 contacting the mixture with a halogenating agent to form a second mixture having a 

second ratio of the first isomer to the second isomer, the first ratio being less than the 
second ratio. 

55. The process of claim 56 further comprising separating at least a portion of 
the first isomer from the second mixture wherein the separating comprises distilling the 

£5 second mixture to form a solution comprising the portion of the first isomer, 

56- The process of claim 56 further comprising contacting the mixture with the 
halogenating agent in the presence of a catalyst 

57. The process of claims 56» 57 or 58 wherein the hydrofluorinated compound 
comprises C3F7H, the first isomer comprises CF 3 CFHCf 3 , and the second isomer 

30 comprises CF 3 CF 2 CF 2 H, 

58. The process of claims 56, 57, or 58 wherein the conracdng comprises 
heating the mixture to a temperature of from about 200°C to about 350°C. 
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59. The process of clai ms 56, 57, or 58 wherein the contacting comprises 
heating the mixture to a temperature of at least about 300°C» 

60« The process of claims 56, 57, or 58 wherein the halogenating agent 
comprises CI*. 

5 61 . The process of claims 56, 57, or 5B wherein the halogenating agent . 

comprises Clj and a molar ratio of the Ch to the mixture is from about 0.16:1 to about 3:1. 

62. The process of claims 56, 57. or 58 wherein the halogenating agent 
comprises Cl 2 and a molar ratio of rhe CIj to the mixture is at least about 2.5:1. 

63. The process of claims 57 or 58 wherein the catalyst comprises activated 

10 carbon. 
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